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PRESSURE SWITCH FOR DETECTION O F  THRUSTER OPERATION 
O F  LUNAR EXCURSION MODULE REACTION CONTROL SYSTEM 
J. Delmonte 
ABSTRACT 
Information is  presented on the cons t ruc t ion  of rugged, low p res su re  
threshold,  min ia ture  e l e c t r o n i c  pressure  switches designed t o  with-  
s t and  RCS combustion pressures  and a s soc ia t ed  severe  environmental 
condi t ions .  
T e s t  da t a  are presented t o  v e r i f y  high speed of response,  high over- 
load p r o t e c t i o n ,  and s t a b i l i t y  during v i b r a t o r y  a c c e l e r a t i o n s .  Minor 
design improvements are proposed. 
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SUMMARY 
Model 101038-0003 p res su re  switch t ransducer  is descr ibed  as a device  
which produces a switching output  as the  pressure  increases  above the  
des ign  threshold .  
The b a s i c  p re s su re  sensor  s t r u c t u r e  is t h a t  of an abso lu te  analog 
t ransducer .  The sensor  c o n s i s t s  of a gaged c a n t i l e v e r  beam t h a t  i s  
de f l ec t ed  by a diaphragm-force rod system when the  la t ter  senses  a 
p res su re  from the  RCS combustion chamber. 
I n  order  t o  provide t h e  extremely high overpressure  p r o t e c t i o n  re- 
quired by the  LEM RCS a p p l i c a t i o n ,  t he  outer  diaphragm i s  supported 
by a rugged mechanical s top.  
s o  t h a t  i t  h i t s  t he  s top  a t  1.5 times t h e  threshold  p re s su re  of t h e  
switch. A b i l i t y  t o  withstand high shock loads as w e l l  as very  l a r g e  
s ta t ic  overpressures  without  s h i f t  i n  t h e  threshold  has  been emphasized 
by opt imizing t h e  s t a b i l i t y  of t h e  threshold  poin t .  
t h e  t ransducer  and s e n s i t i v i t y  changes wi th  temperature v a r i a t i o n s  can 
be accommodated s i n c e  only one po in t  i n  the  p re s su re  sensing spectrum 
must remain s t a b l e  w i t h i n  p r a c t i c a l  to le rances .  
t h i s  program were t o  provide a threshold  switch s i g n a l  a t  23 ps ia  
&3 p s i  such t h a t :  
I n  ope ra t ion  t h e  diaphragm i s  d i sp laced  
Nonl inear i ty  of 
The requirements of 
Output. ( v o l t s )  
Pressure < threshold = 14 < Eo < 28 
Pressure > threshold = 4-0.5 < Eo < C2.5 
.- 
Resul t s  of t h e  v e r i f i c a t i o n  and acceptance tests i n d i c a t e  t h a t  t he  
bas i c  des ign  goa ls  have been m e t .  
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SECTION 1 
INTRODUCTION 
1.1 PROJECT IDENTIFICATION 
The NASA Manned Spacec ra f t  Center ,  Houston, Texas, r equ i r e s  a rugged, 
r e l i a b l e ,  min ia ture ,  l ightweight  pressure  switch t ransducer  capable 
of switching on and o f f  a t  a p rec i se  pressure  under extremely severe  
environmental condi t ions .  This t ransducer  would d e t e c t  t he  opera t ion  
of r e a c t i o n  c o n t r o l  system t h r u s t e r  engines on the  Lunar Excursion 
Module (LEM) . 
On c o n t r a c t  NAS9-6409, E l e c t r o  Opt ica l  Systems, Inc. ,  has developed 
such a t ransducer ,  Model 101038-0003, and has shipped four  23 p s i a  
p re s su re  switches t h a t  meet the  des ign  goa l  s p e c i f i c a t i o n s  wi th  c e r t a i n  
s p e c i f i c  (but normally con t ro l l ab le )  except ions.  
1.2 DETAILED DESCRIPTION OF THE RCS PRESSURE SWITCH INSTRUMENTATION 
Figures  1 and 2 i l l u s t r a t e  t he  RCS pressure switch, Model 101038-0003. 
Figure 3, r ep resen t ing  drawing 101038-0003, Revis ion  C ,  g ives  the  o v e r a l l  
s i z e  and mounting dimensions p lus  p e r t i n e n t  e l e c t r i c a l  i n t e r f a c e  in fo r -  
mation.' The top  assembly drawing i s  shown i n  Fig.  4. Details of t he  
pressure  sensor  mounting thread and the  p re s su re  seal O-ring groove are 
shown i n  Fig. 5 , ' p r i n t  number 204146-0001. The Teflon O-ring i t s e l f  
is descr ibed i n  Fig. 6. The RCS engine chaaber po r t  and the  f i r s t  
proposed pressure  sensor  i n s t a l l a t i o n  ske tch  are t o  be seen  i n  Figs .  7 
and 8. The la t ter  concept remained f i rm except  f o r  the  s u b s t i t u t i o n  
of 9/16" wrench f l a t s  f o r  torquing the  p re s su re  sensor  i n t o  the  AN 
p o r t ,  i n  p l ace  of spanner wrench holes .  
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Figure 1. Photograph of Four RCS Pressure Switches 
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Figure 2. Photograph o f  RCS Pressure Switch S / W ; . ,  Model 101038-0303 
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SECTION 2 
TECHNICAL REVIEW OF PROJECT BY PHASES 
2 . 1  PHASE I, FEASIBILITY PHASE 
The f i r s t  phase of t h i s  23 p s i a  pressure  switch p r o j e c t  s t a r t e d  i n  
August, 1966, and w a s  completed s h o r t l y  a f t e r  t he  design review con- 
ducted a t  EOS on December 5 and 6.  
The primary "sensor" which converts  pressure  i n t o  an electrical  s i g n a l  
c o n s i s t s  of four  s i l i c o n  s t r a i n  gages bonded t o  a c a n t i l e v e r  beam. 
Pressure  summing is  accomplished by a low s p r i n g  rate, convoluted 
diaphragm made from Ni-Span C s t r i p s t o c k .  The diaphragm, i n  tu rn ,  i s  
s t i tch-welded t o  a massive mechanical s t o p  capable of r e s i s t i n g  the  
maximum app l i ed  pressure  (25,000 p s i ) .  Displacement of t h e  o u t e r  
diaphragm from i t s  "stop" i s  done through a force-rod and he lper -  
sp r ing  mechanism: see Fig.  9 (204147). Once the proper p o s i t i o n  has  
been determined, with due cons idera t ion  t o  the  e f f e c t s  of the  trapped 
re ference  pressure  and the  des i r ed  "stop" p re s su re ,  the primary sensor  
is a t tached  by braz ing  i t s  p ivo t  tube t o  a force  rod which is  d i r e c t l y  
l inked  t o  the  ou te r  diaphragm. 
Both f l a t  and convoluted diaphragms w e r e  i nves t iga t ed  dur ing  Phase I. 
The performance of the convoluted diaphragm w a s  supe r io r  i n  terms of  
less h y s t e r e s i s  and b e t t e r  r e p e a t a b i l i t y .  High temperature cement 
systems and s e v e r a l  s t r a i n  gage designs were reviewed during the  f i r s t  
phase e f f o r t .  
7127-Final 11 
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Concurrent ly ,  the e l e c t r o n i c  switch e f f o r t  cen tered  about the  proven 
MSI "RCO7" s i g n a l  condi t ioner  design.  Prel iminary e x t e r n a l  modif i c a -  
t i o n s  worked w e l l ,  and as a r e s u l t ,  i n t e r n a l  modi f ica t ions  were de- 
s igned ,  breadboarded, t e s t e d ,  and evaluated.  The s i g n a l  condi t ioner  
of t he  RCS pressure  switch converts  t he  output  of the  s t r a i n  gage 
br idge  t o  a n  output  vo l t age  which switches sha rp ly  when the  pressure  
r i s e s  above a predetermined threshold .  
The block diagram of F ig .  10 shows the  b a s i c  c i r c u i t  s t r u c t u r e  of t he  
modified "RCO7" s i g n a l  condi t ioner .  The key elements of  t h i s  u n i t  
and t h e i r  func t ions  a r e  as follows: 
a.  
b .  
C .  
Re  gu la t o r 
A pre regu la to r  i s  used to  e l imina te  most e f f e c t s  of change i n  
e x c i t a t i o n  p o t e n t i a l  on the  conver te r  ou tput  vo l t age ,  The 
i s o l a t e d  c i r c u i t s  are inhe ren t ly  immune t o  supply changes, and 
the  o v e r a l l  performance of t he  instrument  is outs tanding  i n  
t h i s  regard.  The r e g u l a t o r  draws approximately 5 mA cons tan t  
c u r r e n t  from the  e x c i t a t i o n  source and is operable  wi th  exci- 
t a t i o n  vol tages  ranging from 20V t o  70V. 
Amplifier 
A d i f f e r e n t i a l  ampl i f i e r  i s  used f o r  condi t ion ing  the  s i g n a l  
from the  t ransducer  br idge.  This  a m p l i f i e r  has th ree  d i r e c t  
coupled s t ages  wi th  an  open-loop ga in  of g r e a t e r  than 10,000. 
I n  the analog t ransducer ,  negat ive feedback is used t o  reduce 
the  ga in  of t he  ampl i f i e r  t o  approximately 20, g iv ing  the  
c i r c u i t  g r e a t  inherent  s t a b i l i t y .  
Output Switch 
Dual t r a n s i s t o r  output  s t age  t o  i s o l a t e  t he  d i f f e r e n t i a l  
ampl i f i e r  from output  loading and t o  provide the  requi red  
output  c h a r a c t e r i s  t i c s .  
7 12  7 -F ina  1 13 
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Figure  10. Block Diagram of RC07 S igna l  Condi t ioners  
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I n  o rde r  t o  o b t a i n  a switching output  s i g n a l  r a t h e r  than an analog v o l t -  
age from the s t anda rd  RC07 s i g n a l  cond i t ione r ,  t he  output  of the ampli- 
f i e r  i s  connected t o  the inpu t  through a r e s i s t o r  network. This pro- 
vides  c o n t r o l l e d  p o s i t i v e  feedback i n  the a m p l i f i e r  c i r c u i t ,  producing 
the r equ i r ed  switching a c t i o n .  The p o s i t i v e  feedback tends t o  d r i v e  
the a m p l i f i e r  output  t o  t h e  low l e v e l  clamp (-0.6V) when the  a m p l i f i e r  
input  i s  negat ive,  and i n t o  the high l e v e l  clamp (+6V) when t h e  inpu t  
i s  p o s i t i v e .  The p r i n c i p a l  advantages of t h i s  approach are the  follow- 
ing : 
a.  Only minor modif icat ions t o  the b a s i c  RC07 s i g n a l  cond i t ione r  
are required;  t he  r e s i s t o r s  can be added e x t e r n a l l y .  
b.  The switching is  abrupt  and p o s i t i v e .  The h y s t e r e s i s  (dead 
band) can be set as required by the  r e s i s t o r  network. 
c .  F a s t  switching (<1 msec) i s  poss ib l e  i f  an output  c a p a c i t o r  
i n  the s tandard s i g n a l  condi t ioner  i s  el iminated o r  reduced 
i n  value.  
d. The switch po in t  i s  a t  zero input  vol tage.  This minimizes 
e f f e c t s  of temperature and l i n e  changes on s e n s i t i v i t y .  Only 
the zero s t a b i l i t y  of the sensor i s  important.  The sensor  
zero i s  s e t  a t  the des i r ed  threshold.  
For the  Model 101038-0003 RCS pressure switch,  F ig .  11, drawing 880720, 
r ep resen t s  the i n t e r f a c e s  of  the developed s i g n a l  cond i t ione r .  It is  
t o  be noted t h a t  a l l  of the switching e l e c t r o n i c s  worked e n t i r e l y  with- 
ou t  f a u l t  throughout a l l  of the v e r i f i c a t i o n  and acceptance tests.  
2 .2  PHASE 11, VERIFICATION PHASE 
The second phase w a s  en t e red  i n t o  s h o r t l y  a f t e r  M r .  George Z iv ley ’ s  
v i s i t  t o  EOS i n  e a r l y  December during which t i m e  the prel iminary pres-  
su re  switches were demonstrated on both the osc i l l o scope  and Moseley 
X-Y p l o t t e r .  V e r i f i c a t i o n  and f i n a l  acceptance tes t  plans w e r e  a l s o  
discussed and t e n t a t i v e l y  approved by M r .  Zivley.  A r eques t  t o  d e l i v e r  
one complete mockup and working pressure switch t o  prototype dimensions 
7 127 -F ina  1 15 
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i n  mid-February 1967 w a s  acknowledged and ac t ed  upon. 
prototype S/N 5) had been sub jec t ed  t o  25,000 p s i  w i th  i t s  gaged beam 
i n  f i n a l  p o s i t i o n  and had survived t h i s  s t r i n g e n t  test  very w e l l .  
This u n i t  (pre-  
V e r i f i c a t i o n  and acceptance t e s t i n g  of four  prototype pressure  switch 
t ransducers  w a s  begun by the  end of March and tests were completed e a r l y  
i n  A p r i l .  
The b a s i c  pressure  switch test apparatus  used f o r  v e r i f i c a t i o n  and 
acceptance tests is diagrammed i n  Fig.  12. A Moseley X-Y p l o t t e r ,  wi th  
dual  f i xed  and unchanged ga in  ad-justs f o r  a l l  the  tests and f o r  a l l  the 
p re s su re  swi tches ,  w a s  used t o  record switching behavior .  
Since a l l  four  switches were made t o  i d e n t i c a l  manufacturing s p e c i f i -  
c a t i o n s ,  i t  w a s  r e l a t i v e l y  easy to  i n i t i a l l y  balance their r e spec t ive  
br idge outputs  t o  zero  a t  23 p s i a .  
c o n t r o l l e d  by inputs  from the  pressure  switch under test wi th  i t s  ON- 
Y axis motion on the  Mosely w a s  
OFF s i g n a l .  The X axis test pressure  s i g n a l  was suppl ied  by an  EUD 
labora tory  suppl ied  and c a l i b r a t e d  abso lu te  pressure  t ransducer .  
Both the  switch and the  E I D  t ransducer  were suppl ied  equal  p re s su re  
s t i m u l i  simulataneously.  The pressure  w a s  monitored by T. I. equipment 
cons i s t ing  of a c a l i b r a t e d  quar tz  Bourdon tube p lus  d i g i t a l  readout  
se rvo-nul l ing  equipment. This i s  one of the  pressure  s tandards  of  
the  EID Laboratory.  
Cont ro l led  overpressure of 5000 psi w a s  exe r t ed  by the  c a l i b r a t e d  Amthorx 
dead weight tester hydraul ic  system. Lower overpressures  t o  the  pres-  
s u r e  switch w e r e  introduced from the  high pressure  n i t rogen  gas source,  
r e g u l a t o r ,  and gage sys  t e m .  
Cont ro l led  temperatures f o r  the pressure  sensor  and f o r  the  s i g n a l  con- 
d i t i o n e r  w e r e  obtained from a p a i r  of Del ta  Design ovens and t h e i r  
automatic temperature c o n t r o l l e r s .  
7 12  7 -F i na  1 17 
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SECTION 3 
PERFORMANCE GOALS OF MODEL 101038-0003 PRESSURE SWITCH 
a. P r e s s u r e  switch p o i n t .  A s  agreed upon, a l l  d e l i v e r a b l e  
prototypes were made t o  one switch-point range: 
f 3  p s i .  
ment. 
A l l  d e l i v e r a b l e  prototypes were sub jec t ed  t o  hydrau l i c  s ta t ic  
p res su res  of 25,000 p s i  then cleaned and helium leak-tested.  
All u n i t s  success fu l ly  passed t h i s  tes t .  
L i m i t s  were t o  remain w i t h i n  switch p res su re  t o l e r a n c e  
(k3 p s i )  a f t e r  s teady s t a t e  thermal environmental changes 
p l u s  overload p res su re  condi t ioning.  
Thermal range: 
See Tables:  1 (S/N I), 2 (S/N 2) ,  3 (S/N 3 ) ,  and 4 (S/N 4 )  
a t  t he  end of t h i s  s e c t i o n .  
23 p s i a  
A l l  de l ive red  u n i t s  conform t o  t h i s  b a s i c  require-  
b. Su rv iva l  and maintenance and p res su re  i n t e g r i t y  a t  25,000 p s i .  
c .  
P re s su re  sensor  +30°F t o  +350°F 
Signal  Conditioner -65OF t o  +160°F 
d. Units must su rv ive  and be wi th in  switching s p e c i f i c a t i o n  
a f t e r  10 cyc le s  a t  5000 p s i ,  p re s su re  switch t o  b e  a t  room 
t emp er a t u r  e. 
(1) All u n i t s  demonstrated t h e i r  c a p a b i l i t y  t o  pass t h i s  
test  on t h e  second attempt.  
s a r y  because we had f a i l e d  t o  cond i t ion  the set of t h e  
diaphragm while i n  the "absolute" mode of  operat ion,  
but  had done so  while  t h e  p re s su re  sensor  w a s  i n  t h e  
"gage" mode. The s l i g h t  amount of new forming t h a t  
occurred 
sp r ing  rate, and hence t h e  amount of d e f l e c t i o n  r equ i r ed  
of t h e  composite system t o  achieve t h e  23 p s i a  output  
switching p o s i t i o n  ( i . e . ,  t h e  b r idge  output going t o  
zero v o l t s  output) .  
Once the diaphragm had been properly formed the 5000 p s i  
overload had l i t t l e  o r  no e f f e c t  on the switch po in t  
d r i f t ,  and as explained i n  the following paragraph, we were 
ab le  t o  rebalance the e lectr ical  output  of t he  s i l i c o n  
sensor br idge so t h a t  the switch po in t  would again occur 
a t  23 p s i a .  
The second test  w a s  neces- 
w a s  enough t o  change t h e  diaphragm's apparent 
I 
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(2) Rebalance of t h e  br idge  w a s  requi red  on t h r e e  of t h e  
four  u n i t s .  I f ,  i n  e f f e c t ,  we had had a f i v e  w i r e  
system leading  from t h e  pressure  sensor  t o  the  s i g n a l  
cond i t ione r ,  e l e c t r i c a l  rebalance of the  br idge  would 
have been very e a s i l y  accomplished by t h e  i n s e r t i o n  
of a new switch poin t  balance r e s i s t o r  (Evanohm q u a l i t y ) .  
What we had w a s  a qti tch-welded cover on the  p re s su re  
sensor  and fou r  'wires (a"*completedg' bridge, leadfng from 
it. Rebalancing could only be accomplished by p a r a l l e l -  
i n g  one of t he  50062, s i l i c o n  "br idge arms. 
S/N 1 requi red  25 M1 i n  parallel  wi th  one br idge  arm. 
S/N 2 requi red  7 l& i n  p a r a l l e l  wi th  one b r idge  arm. 
S/N 4 requi red  4.6 kha i n  p a r a l l e l  with one br idge  arm. 
Upon r e a c q u i s i t i o n  of t h e  proper switch po in t ,  namely 
23 p s i a ,  we now t raded  o f f  our  previous e x c e l l e n t  
br idge  t h e m 1  environmental balance.  
and 9; and A-4-8 and 9 a r e  now g ross ly  d i f f e r e n t  from 
Figs .  A-2-7 and A-4-7  (see Appendix A). 'Keep i n  mind 
t h a t :  (a) the i n s e r t e d  p a r a l l e l i n g  (shunting) r e s i s t o r s  
are loca ted  i n  the  signal cond i t ione r  which provides  
the  mechanism (an a c c e s s i b l e  te rmina l  board p l a t e )  f o r  
making co r rec t ions ,  b u t  which does not  see the  s e  
temperatures  as t h e  p re s su re  seneor; and (b) p a r a l l e l -  
i n g  a s i l i c o n  s t r a i n  gage sensor element wi th  an Evan- 
Qhm element produces a c o r r e c t i o n  where the  r e s i s t a n c e  
change with temperature i s  s i g n i f i c a n t l y  d i f f e r e n t  than 
t h a t  of t he  sensors  themselves. 
I n  summary, a design t h a t  would permit  t he  change of 
t he  switch poin t  balance r e s i s t o r  w i th in  the  p re s su re  
sensor  housing i t s e l f  would have been the  most d e s i r a b l e  
s o l u t i o n  t o  the  dilerana presented i n  Subsection 3 .G .I. 
A second choice would be provis ion  of  a f ive-wire  
system from an  open-bridge network between the  pres-  
su re  sensor  and the  s i g n a l  cond i t ione r  with the  a b i l i t y  
t o  make balance (switch-point)  co r rec t ions  i n  the  
a s soc ia t ed  s i g n a l  condi t ioner  terminal  board. 
(3) 
Figures  A-2-8  
(4) 
e .  To survive and remain wi th in  s p e c i f i c a t i o n  a f t e r :  
(1) 100,000 cyc le s  of 500% pressure  overload 
(2) Pressure  sensor  a t  > 300% 
(3) S igna l  condi t ioner  a t  7 7 9  
(4) (A bonus): v i b r a t i o n a l  g-load of 20 g, peak-to-peak 
( A l l  condi t ions  being appl ied  s imultaneously.)  
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The s e l e c t e d  pressure  swi tch ,  S / N  4 ,  w a s  mgmted i n  the  
cy l inde r  head of an O M  1-hp, 2-cycle ,  6000 rpm engine.  It 
surv ived  and remained w i t h i n  s p e c i f i c a t i o n  a f t e r  > 100,000 
pressure-  temperature cyc le s .  
I n  Appendix E ,  F igs .  E-1-1 and E-1-2 show the  requi red  modifi-  
c a t i o n  t o  the  O&R engine cy l inde r  head. The modi f ica t ion  
included p o r t s  f o r  t he  pressure  senso r ,  a f l u s h  mounted, water 
cooled p res su re  t ransducer ,  and two thermocouples, one of which 
read the  cy l inde r  head temperature and the  o t h e r  of  which pro- 
t ruded i n t o  the  high compression-clearance zone of the p is ton-  
cy l inde r  head assembly. Previous t o  t h i s  p a r t i c u l a r  v e r i f i -  
c a t i o n  test ,  s e v e r a l  runs w e r e  made t o  a s c e r t a i n  the  a c t u a l  
t e s t  p ressures  and temperatures.  The engine ran  c l o s e  t o  6000 
rpm; a t o t a l  run of 18 minutes was made wi th  S/N 4 mounted i n  
i t s  pressure  p o r t .  A t  the  conclusion of t he  run,  t he  switch-  
po in t  c h a r a c t e r i s t i c s  were determined aga in .  No s h i f t  had 
occurred.  See  F igs .  E-2-1 and E-2-2 i n  Appendix E .  
Figure E-1-3  ( a l s o  Appendix E) shows osc i l l o scope  traces of 
t he  a c t u a l  pressure  cyc le  occurr ing  per  r evo lu t ion  i n  the  O&R 
engine.  Chromel-alumel thermocouples were used t o  record  
temperatures and t h e i r  ou tputs  were read on a Moseley Auto- 
graph Model 680 s t r i p  c h a r t  recorder .  
f .  The switch must opera te  wi th in  S p e c i f i c a t i o n  while  subjec ted  
t o  pulsed (350%) overload pressure  and (1) s inuso ida l  v i b r a t i o n  
and (2) random v ib ra t ion .  
trace of i t s  output  w a s  monitored. 
p re s su re  sensor  and s i  
same M-B shaker too l ing  f i x t u r e . )  Appendix D g ives  t h e  
test  requirements,  t he  test  setup,  and t h e  accumulated d a t a  
sheets .  
Su rv iva l  and response t o  shock wave impulse were also 
s t r a t e d  by S/N 4 .  
of response of t h e  combined p res su re  sensor ,  i t s  Helmholtz 
c a v i t y ,  and t h e  switching speed of t h e  e l e c t r o n i c s .  Thei r  
combined response w a s  about 500 microseconds; t h a t  is, i t  
would t ake  less than 500 microseconds f o r  t h e  switch t o  go 
from 0 p s i a  to 23 p s i a  and-switch € lam ON t o  OFF state 
under a l a r g e  shock wave impulse. 
F-3 of Appendix F .  
A l l  of these  tests,  (a) through (8) 
p r o j e c t  engineer ,  a QC in spec to r  and a DCAS rep resen ta t ive .  
S/N 4 was s e l e c t e d  and a continuous 
No dev ia t ions  from the 
were mounted on the  
re experienced t i g a t i o n .  (Both 
g. 
A byproduct w a s  t he  capture  of t h e  speed 
Sea Figs. F-1 ,  F-2 and 
were witnessed by an 160s 
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TABLE; L 
SEQUENTIAL VERIFICATION AND ACCEPTANCE TEST RESULTS, 
MODEL 101038-0003 PRESSURE SWITCH S/N 1 
A. Temperature Runs: Temperature, s teady s t a t e  
Pressure Sensor S igna l  Conditioner Switch Point  
( F) (psia) 0 (OF) 
+30 
77 
77 
30 
200 
350 
350 
- 65 
+160 
- 65 
77 
77 
77 
1 60 
23.90 
23.0 
23.10 
23.90 
21.40 
22.0 
22.0 
Resu l t s :  A l l  p o i n t s  w i t h i n  switching e r r o r  band. 
Above runs completed 29 March 1967. 
See c h a r t s  i n  Appendix A ,  Figs .  A - 1 - 1  through A-1-7. 
T e s t  se tup,  Fig. 12. 
B. Mult iple  Overpressure Cycling a t  5000 p s i :  Amthor Dead Weight 
Tes t e r  Equipment 
Resu l t s :  Switch p o i n t  s h i f t  t o  19 p s i a .  
No s i g n i f i c a n t  recovery occurred a f t e r  approximately 
2 hours . 
Above tests completed 29 March 1967. 
See c h a r t  i n  Appendix B, Fig.  B-1-1. 
Reca l ib ra t ion  of Switch Point:  25,0000 introduced as a shunt  
a c r o s s  one l e g  of  t he  s i l i c o n  
br idge which a l s o  included the 
o r i g i n a l  balance r e s i s t o r  and Balco 
thermal compensation r e s i s t o r ,  
which had produced the  e x c e l l e n t  
r e s u l t s  of (A) above. 
Resul ts :  Switch po in t  brought back t o  23 ps i a .  
R e t e s t  of Mult iple  Overpressure Cyclinp a t  5000 psi:: 
Resu l t s :  N o  s i g n i f i c a n t  change of switch p o i n t  occurred. 
Above tests and r e c a l i b r a t i o n  completed 30 March 1967. 
See c h a r t  i n  Appendix B, Fig.  B-1-2. 
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TABLE 1 
SEQUENTIAL VERIFICATION AND ACCEPTANCE TEST RESULTS, 
MODEL 101038-0003 PRESSURE SWITCH S/N 1 (contd) 
C. Retest of  Pressure Switch a t  Se lec t ed  Thermal Environment Extremes: 
This t e s t  w a s  r equ i r ed  because of  t h e  n a t u r e  of the 30 March re- 
c a l i b r a t i o n  and i t s  e f f e c t  upon thermal d r i f t  o f  the switch po in t .  
Resu l t s :  S/N 1 i s  s t i l l  w i t h i n  the  33 p s i  switching e r r o r  band. 
Above tes ts  completed 1 A p r i l  1967. 
See c h a r t s  i n  Appendix A,  Figs .  A-1-8, A-1-9. 
D. E f f e c t  of Variat ions i n  S u m l v  Voltage Upon the  Switch Point: 
Resu l t s :  No s i g n i f i c a n t  switch change occurs wi th  v a r i a t i o n  i n  
supply vo l t age  from 37 t o  22V de. 
Above test  completed 3 A p r i l  1967. 
See c h a r t  i n  Appendix C ,  Fig.  C-1-1 .  
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TABLE 2 
SEQUENTIAL VERIFICATION AND ACCEPTANCE TEST RESULTS, 
MODEL 101038-0003 PRESSURE SWITCH S / N  2 
A .  Temperature Runs: Temperature, s teady s ta te  
Pressure Sensor 
(OF) 
1-3 0 
77 
77 
30 
2 00 
350 
350 
S igna l  Conditioner 
(OF) 
- 65 
4-160 
- 65 
77 
77 
77 
160 
Switch Resu l t  
(psia)  
21.75 
21.60 
21.60 
22.90 
21.10 
21.25 
20.75 
Resul ts :  A l l  p o i n t s  w i t h i n  switching e r r o r  band. 
Above runs completed 29 March 1967. 
See c h a r t s  i n  Appendix A ,  Figs.  A-2-1 through A-2-7. 
T e s t  s e tup ,  Fig.  12.  
B. Mult iple  Overpressure Cycling a t  5000 p s i :  Amthor Dead Weight 
Tes t e r  Equipment 
Resu l t s :  Switch po in t  s h i f t  t o  10 p s i a .  
Above tes t  completed 29 March 1967. 
See c h a r t  i n  Appendix B,  Fig.  B-2-1. 
Reca l ib ra t ion  of Switch Point:  7,000hZintroduced as a shunt ac ross  
one l e g  of t he  c losed  s i l i c o n  
b r idge  which also included the 
o r i g i n a l  balance r e s i s t o r  and Balco 
thermal compensation r e s i s t o r  
which had produced t h e  e x c e l l e n t  
r e s u l t s  of (A) above. 
Resul t :  Switch p o i n t  brought back t o  22 ps i a .  
Retest of Mult iple  Overpressure Cycling a t  5000 p s i :  
Resul t :  No s i g n i f i c a n t  change of switch p o i n t  occurred. 
Test  completed 30 March 1967. 
See c h a r t  i n  Appendix B,  Fig. B-2-2. 
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TABLE 2 
SEQUENTIAL VERIFICATION AND ACCEPTANCE TEST RESULTS, 
MODEL 101038-0003 PRESSURE SWITCH SiN 2 (contd) ' 
C .  Retes t  of Pressure  Switch a t  Se lec ted  Thermal Environment Extremes: 
This t e s t  w a s  r equ i r ed  t o  document the  e f f e c t  o f  the  r e c a l i b r a t i o n  
upon the thermal d r i f t  of the  switch po in t .  
Resul t s :  S/N 2 now switches ON-OFF a t  36 p s i a  while  s t a b i l i z e d  
a t  +350°F; t he  inf luence  of t he  s i g n a l  condi t foner  upon 
the  d r i f t  is  minimal (approximately 1 ps i a ) .  
Above tes t s  completed 3 A p r i l  1967. 
See c h a r t s  i n  Appendix A ,  Figs .  A-2-8 and A-2-9. 
D. E f f e c t  of Var ia t ion  i n  Supply Voltape Upon Switch Point:  
Resul t s :  No s i g n i f i c a n t  switch po in t  change occurs  dur ing  change 
i n  supply vol tage  between 37 and 22V dc. 
Above t e s t  completed 3 A p r i l  1967. 
See c h a r t s  i n  Appendix C ,  F ig .  C-2-1. 
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TABLE 3 
NTIAL VERIFICATION AND ACCEPTANCE TEST RESULTS, 
MODEL 101038-0003 PRESSURE SWITCH S/N 3 
A .  Temperature Runs: Temperature, s teady s t a t e  
Sensor Pressure 
(OF) 
+3 0 
7 7  
7 7  
30 
200 
350 
350 
S igna l  Conditioner 
(OF) 
- 65 
+160 
- 65 
77  
7 7  
7 7  
+160 
Switch Po in t  
( p s i a )  
24.50 
24.13 
24.25 
24.75 
23.13 
22.60 
22.60 
Resu l t s :  A l l  po in t s  w i t h i n  switching e r r o r  band. 
Above runs completed 29 March 1967. 
See c h a r t s  i n  Appendix A ,  Figs.  A-3-1 through A - 3 - 7 .  
Test s e tup ,  Fig.  12 .  
B. Mul.tiple Overpressure Cycling a t  5000 p s i :  Amthor Dead Weight 
Tester Equipment 
Resul ts :  S l i g h t  s h i f t  of switch po in t ,  no r e c a l i b r a t i o n  required.  
Above t e s t s  completed 30 March 1967. 
See c h a r t s  i n  Appendix B y  Fig. B-3-1. 
C .  Retest of Pressure Switch a t  Selected Thermal Environment Extremes:- 
f l  Not r equ i r ed  
D. E f f e c t  of Var i a t ion  i n  Supply Voltage Upon Switch Point:  
Resu l t s :  No s i g n i f i c a n t  change i n  switch point .  
Above t e s t s  completed 3 A p r i l  1967. 
See c h a r t s  i n  Appendix C ,  Fig.  C-3-1. 
I Y J  
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TABLE 4 
SEQUENTIAL VERIFICATION AND ACCEPTANCE TEST RESULTS, 
MODEL 101038-0003 PRESSURE SWITCH S/M 4 
A .  Temperature Runs: Temperature, s teady s t a t e  
Sensor Pressure S igna l  Conditioner Switch Po in t  
( F) (psia)  0 (OF) 
30 
77 
77 
30 
200 
350 
350 
- 65 
+160 - 65 
77 
77  
77 
160 
22.90 
21.13 
21.40 
23 .O 
19.75 
20.50 
19 .o 
Resul ts :  A more p r e c i s e  se t  on t h e  23 p s i a  switch poZntwould 
have brought all po in t s  w i t h i n  the  k-3 p s i  tolerance.  
Above runs completed 29 March 1967. 
See c h a r t s  i n  Appendix A ,  Figs.  A-4-1 through A - 4 - 7 .  
Test s e tup ,  Fig.  12. 
B. Mult iple  Overpressure Cycling a t  5000 p s i :  Amthor Dead Weight 
Switch po in t  moved ou t s ide  of 3-0 p s i a  t o  +60 psia range 
of the X-Y p l o t t e r  due t o  reforming of the o u t e r  d i a -  
phragm by ove rp res su r i z ing  i n  the abso lu te  pressure mode 
of operat ion.  
See c h a r t  i n  Appendix B, Fig.  B-4-1. 
Tester Equipment 
Resul ts :  
Reca l ib ra t ion  of Switch Po in t :  A 4,600n r e s i s t o r  introduced as a 
shunt a c r o s s  one l eg  of the s i l i -  
con br idge w a s  r equ i r ed  t o  c o r r e c t  
the s h i f t  i n  t he  switch point .  
Resul ts :  Switch po in t  brought back t o  22 p s i a .  
R e t e s t  of Mult iple  Overpressurizat ion a t  5000 p s i :  
Resu l t s :  No s i g n i f i c a n t  change i n  the switch point .  
T e s t  completed 30 March 1967. 
See c h a r t  i n  Appendix B, Fig. B-4-2. 
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TABLE 4 
SEQUENTIAL VERIFICATION AND ACCEPTANCE TEST RESULTS 
MODEL 101038-0003 PRESSURE SWITCH S/N 4 (contd) 
C .  E f f e c t  of Var i a t ions  i n  Supply Voltage Upon Switch Po in t :  
Resul t s :  No s i g n i f i c a n t  change i n  switch po in t  occurs  between 
22 and 37V dc. 
Above t e s t  completed 3 A p r i l  1967. 
See c h a r t  i n  Appendix 6 ,  F ig .  C-4-1. 
D .  E f f e c t  of S ine  and Random Vibra t ion  Upon Switch Poin t :  
Resul ts :  Continuous monitoring of the ou tpu t  ON-OFF s i g n a l s  and 
of t he  pressure  monitoring transducer;showed no abnormal 
o r  spurious s i g n a l s  from the  pressure  switch dur ing  the  
v i b r a t i o n  environment tests. 
Above t e s t  completed 31March 1967. 
T e s t  G-loading requirement:  Sec t ion  D - 1 .  
T e s t  s e tup ,  Sec t ion  D-2. 
T e s t  da t a  s h e e t s ,  Sec t ion  D-3. 
See Appendix D .  
E .  E f f e c t s  of 100,000 cyc le s  of 5X Switching P res su re  and Exposure t o  
High Temperature Gases: 
Resul t s :  No s i g n i f i c a n t  change i n  pressure  switch po in t  perform- 
ance occurred.  
Above t e s t s  completed 31March 1967. 
See Appendix E t e s t  s e tup ,  F igs .  E-1-1 through E-1-3, 
Data s h e e t s ,  F igs .  E-2-1 and E-2-2. 
F. E f f e c t  of Shock Wave Pressure  Pulses :  
Resul t s :  No s i g n i f i c a n t  change i n  switch po in t  c h a r a c t e r i s t i c s  of 
the  mul t ip l e  shock wave pressure  impulses.  
Response time t o  achieve 23 p s i a  pressure  output  is  l e s s  
than 500 microseconds. 
Above t e s t s  completed 31 March 1967. 
See Appendix F ,  test se tup ,  F ig .  F-1, 
11 Response" d a t a ,  Fig., F-2, 
Char t ,  F i g .  F-3. 
G.  Retest of P res su re  Switch a t  Se lec ted  Thermal Environment Extremes: 
This  test  was requi red  because of t h e  na tu re  of t he  r e c a l i b r a t i o n  
requi red  on 30 March 1967 and i t s  e f f e c t  upon thermal d r i f t  of t he  
switch po in t .  
Resul t s :  S/N 4 now w i l l  switch a t  42.5 p s i a  a t  t he  extreme thermal 
environments. 
Above tests completed 3 Apr i l  1967. 
See c h a r t s  i n  Appendix A ,  F i g s .  A-4-8 and A-4-9. 
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SECTION 4 
ACCEPTANCE TEST PLAN AT EOS 
The acceptance t e s t  p lan  conducted a t  EOS w a s  broken down i n t o  the  
following reviewed items: 
a. 
b. 
C. 
d. 
e .  
f .  
g -  
h. 
Weight and dimensions of the s i g n a l  condi t ioner  and p res su re  
sensor  
Connector type ,  p in  wir ing  
Workman sh ip  
I d e n t i f i c a t i o n  markings of the  product 
Threshold pressure  f o r  Type I 
Overpressure r e j e c t i o n  f o r  Type I 
S e n s i t i v i t y  o f  switch poin t  t o  v a r i a t i o n s  i n  supply vol tage 
Transducer switching output  s i g n a l  
i. Transducer output  impedance 
j .  Transducer response time 
k. Transducer i n s u l a t i o n  r e s i s t a n c e  
1. Transducer i s o l a t i o n  r e s i s t a n c e  
m. Threshold, 'var ia t ion wi th  temperature 
n. Threshold s h i f t  due t o  500% s t a t i c  overload 
Appendix G inc ludes  the  summary r e s u l t s  of t he  acceptance t e s t s  and 
support ing documents. 
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T e s t  
SECTION 5 
ANALYSIS OF MEASUREMENT ERROR % DEVIATION FROM 23 PSIA 
% Deviat ion From 
23 p s i a  
S/N S/N S/N S/N 
1 2 3 4 
5 . 1 .  Temperature, plus  
over load* -7.0 -9.8 +7.6 -17.4 
5 .2 .  Gross s t a t i c  overload** -1.1 -4.8 -9.8 - 3.4 
5 . 3 .  Var ia t ions  i n  supply 
5 .4 .  V e r i f i c a t i o n  tes ts ,  one 
voltage*** - - e  < 1/4 p s i  --- 
sample only 
Acce lera t ion  e f f e c t s  < 114 p s i  
Repe t i t i ve  cyc l ing  < 1 / 4  p s i  
Shock wave pressure  
pulses  < 1/4 p s i  
Algebraic Sum = -8.1 -14.6 -2.2 -20 .8  
Error ,  Squared 
S/N S/N S/N S/N 
1 2 3 4 
4 9  100 5 8  300 
1 .2  23 100 11.5 
--- < 1/4 p s i  --- 
Sum of the  squares  = 50.2 123 158 311.5 
Square roo t  of the  sum of the  squares 7.1  11.1 12.6 17.6 
I n  terms of p s i  = 1.6 2.6 2.9 4.1 
Design goa l  - *13% of 23 p s i a  o r  f 3  p s i  
Note: 
1. Chart  reading e r r o r  is  est imated a t  1 / 4  p s i  (*1/8) simply because of 
the backlash i n  the drawing mechanism of the  Moseley recorder .  . 
2.  Afte r  a l l  tests and shipment from EOS t o  NASA, Houston, and back aga in ,  
the u n i t s  are wi th in  the  o r i g i n a l  e r r o r  band. 
*Worst case percentage devia t ion  from 23 p s i a  as determined by the  
averaged center  of t he  dead band. 
A-3, A-4;  a l l  1 through 7 ,  only 
**Data from 5000 p s i  loading (or  21,700% over load) ;  Appendix B ,  c h a r t s  
B-1 through B-4,  pretest  c a l i b r a t i o n  po in t  is t o  be taken as 23 ps ia  
See Appendix A ,  c h a r t s  A-1 ,  A - 2 ,  
***Data from Appendix C ,  c h a r t s  C-1 through C-4 
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SECTION 6 
PROGRAM ORGANIZATION AND ACKNOWDGMENTS 
This p r o j e c t  requi red  the  harmonious meshing of t a l e n t s  and c a p a b i l i -  
ties from the  Transducer and Controls  Div is ion  of Elec t ro-Opt ica l  
Systems (formerly a wholly owned subs id i a ry ,  Micro-Systems, Inc.) and 
the Engineering Instrument Department of 
D iv i s ion  of EOS. 
Figure 13 shows the l i n e  o rgan iza t ion  of 
the  Measurement Systems 
t h i s  p r o j e c t .  P a r t i c u l a r  
mention and acknowledgment are due t o  Messrs,Earl Rogers, David Bargen, 
and Joseph Sanchez f o r  t h e i r  he lp  and guidance i n  the  e a r l y  formative 
s t ages  of t h i s  con t r ac t .  
Phase I mechanical des ign  and t e s t  areas. 
1 
M r .  Hans Chr i s t en  was most h e l p f u l  i n  the  
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SECTION 7 
CONCLUSIONS AND RECOMMENDATIONS 
7 .1  CONCLUSIONS 
From the performance of RCS pressure switch SIN 4 ,  one would expect 
a l l  the de l ive red  u n i t s  t o  perform equa l ly  w e l l  under extreme overload, 
s inuso ida l  and random v i b r a t i o n a l  loads,  shock pressure impulses, mul- 
t i p l e  r a p i d  p re s su re  cycles,and varying supply vol tages .  
e x h i b i t  e x c e l l e n t  response time. 
A l l  should 
I n  t h e  s p e c i f i c a t i o n  area involving thermal s t a b i l i t y ,  two u n i t s ,  Nos. 
2 and 4 ,  w i l l  be "out" a t  the high temperature end of the pressure 
sensor spectrum (from 165'F t o  350'F). 
f i r s t  series of thermal v e r i f i c a t i o n  tests i n d i c a t e  t h a t  no s t a t e - o f - t h e -  
a r t  problems are faced i n  reaching the d e s i r e d  design goal .  Pressure 
sensor u n i t s  can be made t o  span +30 F t o  350 F w i t h i n  a *3 p s i  switch 
po in t  tolerance.  Problems r a i s e d  by u n i t s  Nos. 2 and 4 are reviewed 
i n  the next subsect ion,  7.2.  
However, the r e s u l t s  of the 
0 0 
Because of s imi l a r i t i e s  between the RCS pressure switch design and 
r e l a t e d  LEM q u a l i f i e d  instruments ,  and based upon considered engineer- 
ing judgement and experience,  EOS be l i eves  t h a t  many t e s t s  need no t  be 
repeated on t h i s  s p e c i f i c  hardware development program. Th i s  would . 
apply i n  the following areas: 
a .  Fungus r e s i s t a n c e  
b. No hazardous gas output  
c .  S a l t  fog damage 
d. Nondamage i n  explosive atmosphere 
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e.  
f .  
8- 
h.  
i. 
3 -  
k. 
1. 
m. 
n. 
0. 
Po 
q -  
r. 
S. 
t. 
F l u i d  compa t ib i l i t y  
No d i s s i m i l a r  metals  
Performance, i r r e s p e c t i v e  of ope ra t ing  p o s i t i o n  
No metal d e t e r i o r a t i o n  
Use of  anodized aluminum 
Use of c o r r o s i o n - r e s i s t a n t  s tee l  
N o  su r f ace  wear problems 
Rubber p a r t s  per  ANA b u l l e t i n  438 
No c r i t i c a l  materials 
Proper screw threads 
Proper locking methods 
I n t e r c h a n g e a b i l i t y  of p a r t s  
Ma in ta inab i l i t y  c h a r a c t e r i s t i c s  
Expected service l i f e  
Expected s to rage  l i f e  
Performance of the s i g n a l  cond i t ione r  i n  a l l  ope ra t ing  
c h a r a c t e r i s t i c s  and e f f e c t s  of environment o the r  t han  the 
following which are r e l a t e d  t o  t h e  switching ope ra t ion  
(1) Output s i g n a l  vol tage 
(2) Threshold s h i f t  due t o  temperature 
(3) Switching speed 
7.2 RECOMMENDATIONS 
a. The problems r a i s e d  by u n i t s  Nos. 2 and 4 which are evidenced 
now by excessive switch po in t  d r i f t  with temperature r e s u l t  
from the cover design of the pressure sensor .  Closure f o r  
v e r i f i c a t i o n  and acceptance t e s t i n g  w a s  " to  p r i n t "  which 
meant being spot-welded. 
small switch po in t  se t  w a s  through removing the cover p l a t e  
of t he  e l e c t r o n i c s  which exposed the terminal board i n t e r -  
face of the bridge and the e l e c t r o n i c s  and shunting t h e  
proper l e g  of the closed br idge brought over by a 4-wire 
cab l e .  
Thus, the only way t o  a d j u s t  f o r  a 
7 12 7-F i n a l  36 
b. 
Proposed Future Modification 
(1) Provide f o r  a removable cover t o  the pressure sensor ,  
which would expose the Evanohm balance r e s i s t o r  of the 
s t r a i n  gage br idge when removed. 
A s m a l l  change i n  the  value of t h e  l a t t e r  would no t  
a f f e c t  the thermal compensation s i n c e  the t o t a l  br idge 
draws only  2.65 mA cur ren t .  
o r  
(2) Retain the present  cover design and provide f o r  a 5- 
w i r e  c ab le  from the p re s su re  sensor  t o  the  s i g n a l  con- 
d i t i o n e r  thus leaving the br idge "open", and l o c a t e  
the br idge balance r e s i s t o r  on the s i g n a l  c o n d i t i o n e r ' s  
a c c e s s i b l e  terminal  board f o r  f i n a l  adjustment as 
required.  
Even though the  s i g n a l  condi t ioner  does not n e c e s s a r i l y  
"see" the same temperature as the  pressure sensor ,  the Evan- 
ohm temperature c o e f f i c i e n t  of  r e s i s t a n c e  i s  extremely small, 
and i t s  1% maximum v a r i a t i o n  w i l l  cause only a small s h i f t  
i n  the  switch point .  
Improvement could a l s o  be made i n  the  interconnect  cable  
between the pressure sensor  and the s i g n a l  condi t ioner  and 
cab le  terminat ion means. 
The p resen t  4-conductor cable  with i t s  s t randed conductors,  
s h i e l d i n g ,  and o u t e r  j a c k e t  of Teflon material, i s  too s t i f f  
i n  r e l a t i o n  t o  the physical  s i z e  of the  pressure sensor  
termination. It should e i t h e r  be lengthened (doubling i ts  
p resen t  length)  o r  the l a y  of the wires be made f l a t  i n s t ead  
of bundled. 
The f i r s t  recommendation would s i g n i f i c a n t l y  reduce the 
s t r a i n  on the o u t e r  j a c k e t  as the  p re s su re  sensor is  torqued 
i n t o  i t s  pressure p o r t  and thus  reduce i t s  tendency t o  creep 
ou t  from the terminat ion tube a t  the pressure sensor.  
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SECTION 8 
ITEMS DELI VERED 
8 Four Type I RCS pressure switches i d e n t i f i e d  as Model 
8 
b) 
101038-0003, S e r i a l  Numbers 1, 2,  3 ,  and 4 .  
Monthly Reports M 1  through M5 
Nine copies  of the f i n a l  r e p o r t  p lus  one reproducible copy 
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APPENDIX A 
EFFECTS OF THERMAL ENVIRONMENT CHANGE 
PLUS OVERLOAD PRESSURE 
S/N 1 Figs. 
A-1-1  
A-1-2  
A-1-3  
A-1-4  
A-1-5  
A-1-6  
A-1-7  
A-1-8  
A-1-9  
S/N 3 Figs. 
A - 3 - 1  
A-3-2  
A-3-3  
A-3-4 
A-3-5  
A-3-6  
A-3-7  
A-3  - 8 
A - 3 - 9  
41 
S/N 2 Figs. 
A - 2 - 1  
A-2-2 
A-2 -3 
A- 2-4 
A-2-5  
A-2-6  
A-2-7 
8-2-8 
A-2-9  
S/N 4 Figs. 
A-4 - 1 
A-4-2  
A-4-3  
A-4-4  
A-4-5  
A-4-6  
A-4  - 7 
A-4-8  
A-4- 9 
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APPENDIX B 
EFFECTS OF GROSS OVERPRESSURIZATION ON SWITCH POINT 
10 CYCLES OF 5000 PSI 
S/N 1 Figs.  
B - 1 - 1  
B-1-2 
S/N 3 Figs .  
B-3-1 
B-3-2 
712 7 -F ina 1 
S/N 4 F igs .  
B-4- 1 
B-4-2 
79 
S/N 2 F igs .  
B-2-1  
B-2-2 
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APPENDIX C 
EFFECTS OF SUPPLY VOLTAGE VARIATION 
UPON SWITCH POINT 
SIN 1 - Fig .  C - 1 - 1  
SIN 2 - Fig.  C-2-1 
SIN 3 - Fig.  C-3-1 
SIN 4 - Fig. C - 4 - 1  
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APPENDIX D 
RCS PRESSURE SWITCH S/N 4 
D - 1  Requirements of Vibratory Acce lera t ion  
D-2 Tes t  Setup 
D - 3  Data Sheets  1 through 1 6  

D - 1  . VIBRATORY ACCELERATION LOADING REQUIREMENTS 
1. Vib ra t ion  (random and s inuso ida l  t o  be used sequen t i a l ly )  random 
and s i n u s o i d a l  motion w i l l  be appl ied s e q u e n t i a l l y  a long each of 
t h r e e  mutually perpendicular axes.  
1.1 Random spec t r a  are referenced t o  a log-log p l o t  and he ld  t o  
a +30 percent  power s p e c t r a l  dens i ty .  
12.3g r m s  f o r  f i v e  minutes 
2 
10 Hz 0.01 g2/Hz 
10- 75 Hz l i n e a r  i nc rease  t o  0.14 g2/Hz 
75- 200 Hz constant  0.14 g2/Hz 
0.05 g /Hz 200-2000 Hz l i n e a r  decrease t o  
1.2 Sinusoidal  v i b r a t i o n  frequency s h a l l  be swept l oga r i thmica l ly  
from 5 Hz t o  2000 Hz t o  5 Hz a t  one-half octave p e r  minute 
f o r  2 sweep c y c l e s .  
0.20 inch DA 5-16 H Z  
2.5g 16-90 HZ 
0,006 inch DA 90-140 HZ 
6 .Og 140-350 HZ 
0.001 inch DA 350-500 HZ 
500-2000 HZ 
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D-2. TEST SETUP 
MODE L 7039 SIN 27 
BSOLUTE PRESSURE 
OUTPUT TO TRANSDUCER 
CHANNEL 2 GALVO. 
RCS PRESSURE SWIT 
S/N 4 
CON01 TIONER 
PRESSURE 
E XERCl SE R 
0 70 psi9 
OUTPUT TO 
/CHANNEL 1 GALVO. 
ROTATABLE 
MOUNTING 
BLOCK 
PN EUMATlC 
CH 
HOSE 
CH A 
70 psig 
CYCLE RATE 4 5/Mte(UTE 
7127-F'inal 
TIME __C 
98 i . 9  
73626412 
ELECTRO-OPTICAL SVSTEMS INC. I 4 .  A Subsidiary of Xerox Corporation 
c 
-1 . ENVIRONMENTAL TEST PROCEDURE 
1 
DAT E 4-3- k4.7 W.A. NO. 7/?7- 4 7  PAGE I OF* 
x % .  
+ 
x 
Y 
% 
TYPE OF TEST 
CONTROLLING DOCUMENTS AND PARAGRAPHS 
I d  
I 
&"." 
TEST PROCEDURE 
ELECTRO-OPTCCAL SVSTIEMSI INC. 
A Subsidiary of Xerox Corporation 
NMENTAL T 
TOR 
inal M P L A t f S  FORM 300 100 EO8 F O W  W0.4)025 
ISTRQ-OPTICAL SVSTEMSI INC- 
A Subsidiary of Xerox Corporation 
' ,  
ENVIRONMENTAL TEST INSTRUMENTATION AND DRAWINGS 
1 6  OF- 3 PAGE DATE /a? - -  A 7  W.A. NO. 7 / 2 7  c -  02 
INSTRUMENTATION a EQUIPMENT 
DIAGRAMS OR ORAWINGS 
7 127 -Final 101 
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N 
6 I DATE .A!kk&L PAGE -OF- 
DESCRIPTION OF TEST SPECiMEN (P/N 8 S/N) 
RANDOM SPECTRUM -,um 
.. 
ci 
vi 
Q: 
> 
I- 
v) z 
U 
 
.J 
t- o 
v) 
a a 
0 n 
.05  
FRE~UENCY (c.P.s.) 
R.M.S. GIs OF RAN OM SPECTRUM /z, 3 
EQUALIZATION TOLERANCE + ADB; - - L O B  
RUNNING TIME Sff/d. 
REMARKS 7-7 P A C -  
! " 1  
I' I 
a,,Q 
, 
- /z52a 
EOS FORM No 304 7127-Final 1U 4 
/’$ . 
I‘ 
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RANDOM VlBRATl 
DATE 
L 
8 1 6  PAGE -OF- 
DESCRIPTION OF TEST SPECIMEN (P/N & SIN) 
RANDOM SPECTRUM vdMs 
, 0 1 1  
FREQUEN~Y (c.P.s.) 
R.M.S. G's OF RANDOM SPECTRUM /!z .? 
EQUALIZATION TOLERANCE + AQB; -,-.OB 
RUNNING ? M E  
REMARKS F/Y7&& -7 /dU 
7127-Final 10 7 
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VSTEMS INC. 
A Subsidiary of Xerox Corporatlon 
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APPENDIX E 
RCS PRESSURE SWITCH S/N 4 
Ef fec t s  of 100,000 exposures t o  O M  i n t e r n a l  combustion engine* pres- 
sure cyc les  
Speed = 6000 rpm; hp r a t i n g  = 1 
Mean e f f e c t i v e  pressure  generated: 
Cylinder head temperature > 300°F 
Combustion temperature >> 1200°F 
Test  dura t ion  = 18 minutes 
125-130 p s i  
F ig  Fig. 
E - 1  T e s t  setup E-1-1 Test  f i x t u r e  (Om cyl inder  head 
modif icat ion)  
Sketch of cy l inder  head modifica- 
t i o n  requi red  for PT 150 
instrumentat ion 
Shape of pressure  pulse  i n  O&R 
engine 
E-1-2 
E-1-3 
E-2 Ca l ib ra t ion  c h a r t s  E-2-1 
E-2-2 
* 
Model I11 Base Mount 
0643 Engines Inc.  
3340 Emery St .  
Los Angeles, Ca l i f .  
. .  
3 
1 7127-Final 115 

e. 
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ALUMINUM 
ADAPTER 
s MODIFIED O&R CYLINDER HEAD _____. - - . 
DRILL 250  DIA. THRU CYL.WALL 
DRILL 81 TAP 7 / l b -  20 
THREAD X .75" DEEP 
I 
7 3 6 2 6 4 1 3  
Figure E-1-2. 'Cylinder Head Adapter for 0 & R Engine for PT 150 Water Cooled 
Combustion Pressure Transducer 
7127-Final 118 
1 
1 
..A 
1 
,J 
0302 
S E N  S I  T I  V I  T Y  
HORIZONTAL = 
2 ms/cm 
VERTICAL = 
20 mV/cm 
HORIZONTAL = 
2 ms/cm 
VERTICAL = 
5 mV/cm 
'SCOPE = 541 A 
I'D" PLUG - IN 
Figure E-1-3. Shape of Pressure Pulse i n  0 & E, 1-BP, 2 Cycle 
Gasoline Engine 
119 7127-Final 
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APPENDIX F 
RCS PRESSURE SWITCH S / N  4 
E f f e c t  of  shock wave pressure  pu l ses  on switch po in t  
Fig.  
F-1 Test Setup 
F-2 
F-3 C a l i b r a t i o n  Chart  
Response Time Test  Data and Calcula t ions  
123 
c 
r '  
03C 
L 
s 
. .  
P 
OSCILLOSCOPE = 
TEKTRONIX 543 
WITH TYPE "H" 
PLUG-IN 
VERTICAL = 
10 V/cm 
HORIZONTAL = 
0.1 m q c m  
ONlCS TO SWITCH = MICROSECONDS 
I' OF Fit P U L S E 
I1 0 N I' P U LS E "28V 
TIME TO RISE 8.3 psia= 250p sec. . .TIME TO ACHIEVE 100% OF SWITCH POINT PRESSURE 
14.7 23 psia 23 
( LESS TIME FOR SHOCK WAVE TO TRAVEL 
X 250 = 700 MICROSECONDS - -3-3 
5 1/8 inch = 5 1/8 inch x 4 0 p  sec 
= 5OOpsec inch 
Figure I?- 1, Shock-Tube Setup Used ;pen-Ended 
7127-Final 125 
I1 
535 A 'SCOPE 
AND T Y P E  **H" PLUG-IN 
PRESSURE GAGE 
REGULATOR 
TO POWER SUPPLY 
TO 'SCOPE TRIGGER 
CIRCUIT DIRECT 
RCS PRESSURE SWITCH 
S/N 4; 28 V A P P L I E D  M ECH ANI SM 
P I  E ZO R E 51 ST I V E 
0.004 in.SOFT ALUMIMUM 
BURST DIAPHRAGM 
1. PRESSURE P = 554 p s i a  3 
2. PRESSURE P = 14-7 P S I 0  
1 
= 37.7 3. PRESSURE RATIO = - p 3  
P 
P 1 
2 - = 4.2 :. THEORETICAL AIR TO AIR SHOCK 
p 1  STRENGTH 
AND:.M = 1.9 ON THE ASSUMPTION THAT PERFECT 
GAS LAWS APPLY, THAT SPECIFIC H E A T S  ARE CONSTANT 
AND THAT FLOW IS ADIABATIC. 
AMBIENT TEMPERATURE = 7'F 
76 microseconds - 40p sac 
4. AT M = 1.9 SPEED OF SOUND I N  AIR- - 
inch X 1.9 inch 
Figure F-2. RCS Pressure Switch Response Data 
7127-Final 126 
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APPENDIX G 
ACCEPTANCE TEST PLAN, TEST RESULTS, 
AND REFERENCED DOCUMENTS 
A. Summary 
B . Referenced Document8 Same as 
1. Attachmend No. 1 Fig. 3 
2 .  Attachment No. 3 See Fig. G-1, Drawing 204154 
3 .  Attachment Nos. 4A, 4B, See Appendix B: Figs. B-1 through 
4. Attachment Nos. 5A, 5B, See Appendix C: Figs. C-1 through 
5. Attachment No. 6 See Appendix F 
6 .  Attachment No. 7 See Appendix A (36 items) 
4C, and 4D B -4 
5C, and 5D c-4 
1 
L . 3
71 2 7-F inal 129 
WA 7127 A .  SUMMARY 31 March 1967 
NAS9 - 6409 B 
ACCEPTANCE TEST PLAN CONDUCTED AT EOS 
and 
RESULTS ON RCS PRESSURE SWITCH MODEL 101038-0003, S/N's 1, 2,  3 & 4 
*B 
a -  
1. 
2. 
3. 
4. 
5. 
6 .  
7. 
Mechanical Configuration: 
Reference Installation Drawing No. 101038-0003 Rev. B y  attachment #1. 
Weight: 
2.1  Pressure sensor 19  grams 
2.2 Signal conditioner 59 grams 
Total, including cable = 83 grams 
Connector: 
Reference Drawing No. 101038-0003 (see attachment #l). 
Workmanship : 
Reference S/N 1 through S/N 4, "Traveller Sheets". 
Identification Markings of Product: 
Reference "Engraving" Drawing No. 204154-0001 , attachment #3. 
Overpressure Rejection for Type I Pressure Switch (23 PSIA) 
6.1 Completed as part of Verification Test Plan; raw Xeroxed data included 
as attachment #4A, 4B,  4C, 4D. 
Sensitivity of Switch Point to Variations in Supply Voltage: 
7.1 See attachment #5A, 5B, 5C, 5D. 
7.2 Maximum current drain (@ 37 Vdc supply voltage). 
S/N 1 474 MA. 
S/N 2 $,'74 jAd1 
S/N 3 4a7b MC1, 
S/N 4 4.57 hfh. 
7127-Final 130 
'= - 2 -  
m *  8. Transducer Characteristics: 
8.1 
8.2 Output impedance: 
8 . 3  
8.4 
8.5 
BETWEEN BETWEEN 
Connector Pins : B & C  B & I) TIED TO C 
SIN 1 40 c A 2  39L-n 
S/N 2 5-1 K -2 5/ k-n- 
SIN 3 4 5 K  4 4 3 k G  
/3r,-n. SIN 4 /3k: -Q 
Transducer response time: 
Completed as part of Verification Test Plan; response of a typical 
Type I transducer4 IDMS response from zero to peak pressure, from 
a shock wave front. 
as attachment # 6 .  
Raw Xeroxed copy of Polaroid of output included 
Transducer insulation resistance: 
S/N 1 > Megohms at 100 Vdc = UCI 
S /N  2 > I I  I I  I I  - 0 0  
I 1  11 (I - v o   SIN 3 > 
I t  II $1 = 00 S/N 4 > 
Transducer "isolation" resistance (usually "input" from "output"). 
NOTE: 
See attachment #l. 
A l l  units have a common input and output pin: Terminal B. - 
9 .  Threshold Variation'with Temperature: 
Data completed as part of Verification Test Plan. 
raw data are included as part of attachment #7. 
Thirty-six pages of - 
- 
Witnessed by 
7 12 7 - F ina 1 
9. !L&e 
J o  Delmonte 
Project Engineer 
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